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Abstract

TheT-matrix method is one of the most powerful and widely used theoretical techniques for the computation of
electromagnetic scattering by single and composite particles, discrete random media, and particles in the vicinity
of an interface separating two half-spaces with different refractive indices. This paper presents a comprehensive
database ofT-matrix publications since the inception of the technique in 1965 through early 2004.
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1. Introduction

Since its formulation in 1965, theT-matrix method has become one of the most powerful, versatile,
and popular theoretical techniques for treating electromagnetic, acoustic, and elastodynamic scattering
by particles and surfaces. The most recent attempt to outline the vast realm of this technique and its
practical applications by compiling a comprehensive publication database dates back to 1988 (Varadan
et al., 1988); that list included151 references.Although toattemptasimilar compilationnowwouldbevery
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important, it is next to impossible. To make the task both useful and practicable, one has to be selective
and to adhere firmly to well defined andmeaningful guidelines. The threemost important restrictions that
we have adopted for this database are the following:

• With a few important exceptions, the database includes only publications dealingwith electromagnetic
scattering.

• As a rule, publications on scattering by isolated infinite cylinders and systems of parallel infinite
cylinders in unbounded space are excluded.

• The database includes only references to books, peer-reviewed book chapters, and peer-reviewed
journal papers.

Even with these restrictions, the database contains more than 700 references.
A critical issue that we faced at the outset of this project was to agree on a definition of theT-matrix

method. The concept of aTmatrix has evolved quite dramatically since it was first introduced by P.C.
Waterman in 1965. From being a minor bi-product of the extended boundary condition method, it has
become the centerpiece of a vast domain of wave scattering science.We hope that we will not step on too
many toes by suggesting the following definition:

In theT-matrix method, the incident and scattered electric fields are expanded in series of suitable
vector spherical wave functions, and the relation between the columns of the respective expansion
coefficients is established by means of a transition matrix (orTmatrix). This concept can be applied
to the entire scatterer as well as to separate parts of a composite scatterer.

It is clear that in the framework of this definition, the classical Lorenz–Mie theory for homogeneous
isotropic spheres and its generalizations for inhomogeneous spherically symmetric particles become a
particular case of theT-matrix approach. Therefore, another inescapable restriction that we had to impose
on this database was to exclude all references dealing with individual spherically symmetric scatterers.
We hope that the reference list of the recent monograph byBabenko et al. (2003)will be at least a partial
remedy for this deficiency.
In addition to compiling a unified masterlist ofT-matrix publications on electromagnetic scattering by

particles, we have tried tomake the databasemore useful by classifying the various references into a set of
narrower subject categories (Sections 2 and 3). Depending on the specific content of a publication, it may
appear in one or several subject categories. The choice of the subject categories, especially categories
such asSeminal publications, and assigning a publication to a category are somewhat subjective and
are open to criticism. We feel, however, that the pros of this endeavor in terms of its utility to various
categories of customers far outweigh its potential cons.
What we have not done in this paper is to assess the validity and importance of the results described

in the specific publications included in the database. It is not inconceivable that some of the publications
contain wrong results or duplicate results obtained in earlier publications. We believe that a critical
assessment of theT-matrix publications should be the subject of a book or a review and is beyond the
scope of this paper. Therefore, the reader should keep in mind that the inclusion of a publication in this
database does not constitute any formal endorsement or quality certification on our part.
We realize that even with the restrictions adopted, it will be impossible to publish in a research journal

another comprehensive database like this one even in a few years from now (seeFig. 1). However, we
plan to maintain an updated version of this database on the web sitehttp://www.giss.nasa.gov/∼crmim

http://www.giss.nasa.gov/~crmim
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Fig. 1. Annual frequency distribution of theT-matrix publications.

and ask the readers to help us in this endeavor by sending corrections and missing references to existing
and future publications on theT-matrix method and its various applications.

2. Particles in infinite homogeneous space

2.1. Seminal publications

This subsection references the publications in which theT-matrix method was originally developed as
well as those in which a major generalization or improvement of theT-matrix method was proposed.

Bruning and Lo (1971a)
Khlebtsov (1992)
Lakhtakia et al. (1983)
Mackowski and Mishchenko (1996)
Mishchenko (1991a)
Peterson and Ström (1973)
Peterson and Ström (1974)
Rozenberg (1974)

Schulz et al. (1999a)
Tsang and Kong (1980)
Varadan and Varadan (1980a)
Varadan et al. (1979)
Waterman (1965)
Waterman (1969)
Waterman (1971)



360 M.I. Mishchenko et al. / Journal of Quantitative Spectroscopy & Radiative Transfer 88 (2004) 357–406

2.2. Books

Barber and Hill (1990)
Borghese et al. (2003)
Chew (1995)
Doicu et al. (2000c)
Mishchenko et al. (2002)
Rozenberg (1974)

Tsang and Kong (2001)
Tsang et al. (1985)
Tsang et al. (2000)
Tsang et al. (2001)
Varadan and Varadan (1980b)

2.3. Reviews

Barber (1980)
Fuller and Mackowski (2000)
Mishchenko et al. (1996b)

Mishchenko et al. (2000b)
Ström and Zheng (1989)
Waterman (1980)

2.4. Extended boundary condition method and its modifications and generalizations

Al-Badwaihy andYen (1975)
Babenko (1997)
Babenko (1999)
Barber andYeh (1975)
Bates andWall (1977)
Boström (1982)
Bringi and Seliga (1977b)
Doicu (1999)
Doicu (2002)
Doicu andWriedt (1997a)
Doicu andWriedt (1997b)
Doicu andWriedt (1997c)
Doicu andWriedt (1999)
Doicu andWriedt (2001b)
Doicu andWriedt (2001c)
Doicu andWriedt (2001d)
Doicu et al. (1999b)
Eremina andWriedt (2003)
Hizal (1980)
Iskander and Lakhtakia (1984)
Iskander et al. (1982)

Iskander et al. (1983)
Iskander et al. (1989b)
Lakhtakia et al. (1983)
Lakhtakia et al. (1984b)
Morita (1979)
Peterson and Ström (1974)
Ström (1975)
Ström (1991a)
Ström (1991b)
Ström and Zheng (1987)
Ström and Zheng (1988)
Wang et al. (1994)
Waterman (1965)
Waterman (1969)
Waterman (1971)
Waterman (1979)
Wriedt and Doicu (1997)
Wriedt and Doicu (1998b)
Wriedt and Doicu (1998c)
Zheng and Ström (1989)

2.5. T-matrix theory and computations for anisotropic and chiral scatterers

Doicu (2003)
Kiselev et al. (2002)
Lakhtakia (1991)

Lakhtakia et al. (1985)
Liu et al. (2000b)
Sharma and Balakrishnan (1998)
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2.6. Superposition T-matrix method and its modifications, including related mathematical tools

Auger and Stout (2003)
Auger et al. (2001)
Borghese et al. (1979)
Borghese et al. (1980)
Borghese et al. (1994)
Boström et al. (1991)
Bruning and Lo (1971a)
Bruning and Lo (1971b)
Chew (1990)
Chew et al. (1990)
Cruzan (1962)
Chew andWang (1993)
Danos and Maximon (1965)
Fikioris and Uzunoglu (1979)
Fuller (1994)
Fuller and Kattawar (1988a)
Fuller and Kattawar (1988b)
Gérardy and Ausloos (1982)
Hamid et al. (1990b)
Mackowski (1991)
Mackowski (1994)
Mackowski (2001)
Mackowski and Mishchenko (1996)
Mishchenko and Mackowski (1994)

Miyazaki and Jimba (2000)
Ngo et al. (1996)
Ngo et al. (1997)
Peterson (1977)
Peterson and Ström (1973)
Rozenberg (1974)
Saija et al. (2003b)
Siqueira and Sarabandi (2000)
Stein (1961)
Stout et al. (2001)
Stout et al. (2002a)
Ström (1974)
Tzeng and Fung (1994)
Videen and Bickel (1991)
Videen and Ngo (1998)
Videen et al. (1995)
Videen et al. (1996)
Wang and Chew (1993)
Wittmann (1988)
Xu (1996a)
Xu (1996b)
Xu (1997b)
Xu (1998b)

2.7. T-matrix theory of electromagnetic scattering by infinite periodic arrays of particles

Modinos (1987)
Peterson (1977)

Varadan (1980)
Waterman and Pedersen (1986)

2.8. T-matrix theory and computations of electromagnetic scattering by discrete random media

Bringi et al. (1982a)
Bringi et al. (1982b)
Bringi et al. (1983)
Chew (1989)
Chen et al. (2003)
Chew et al. (1990)
Doicu andWriedt (2001a)
Guo et al. (2001)
Lu et al. (1995)
Ma et al. (1988)

Neo et al. (1999)
Siqueira and Sarabandi (2000)
Stefanou and Modinos (1993)
Tishkovets (2002)
Tishkovets and Mishchenko (2004)
Tishkovets et al. (2002)
Tishkovets et al. (2004a)
Tsang (1984)
Tsang and Kong (1982)
Tsang and Kong (1983)
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Tsang et al. (1992)
Varadan (1980)
Varadan and Varadan (1980a)
Varadan et al. (1979)
Varadan et al. (1983)

Varadan et al. (1984)
Varadan et al. (1985a)
Varadan et al. (1985b)
Varadan et al. (1987)
West et al. (1994)

2.9. Relation of the T-matrix method to other theoretical approaches

Agarwal (1976)
Bates (1969)
Bates (1975)
Bolomey andWirgin (1974)
Burrows (1969)
Doicu (1999)
Doicu andWriedt (1999)
Doicu et al. (1999b)
Doicu et al. (2000b)
Eremin (1995)
Eremin (1998)
Farafonov (2002)
Farafonov et al. (2003)
Hill et al. (1997)
Kahnert et al. (2003)
Kleinman et al. (1984)

Lewin (1970)
Lu and Chew (1995)
Mackowski (2002)
Martin (2003)
Millar (1969)
Morgan et al. (1984)
Nieminen et al. (2003a)
Rother (1998)
Rother et al. (2002)
Schmidt et al. (1998)
Schulz et al. (1998a)
Videen et al. (1998)
Wriedt and Doicu (1997)
Zurk et al. (1995)
Zurk et al. (1996)

2.10. Symmetry properties of the T matrix and analytical orientation averaging approaches

Battaglia et al. (2001b)
Borghese et al. (1984b)
Borghese et al. (2001)
Fucile et al. (1993)
Fucile et al. (1995)
Havemann and Baran (2001)
Kahnert et al. (2001a)
Khlebtsov (1991)
Khlebtsov (1992)
Mackowski (1994)
Mackowski and Mishchenko (1996)
Mishchenko (1989)
Mishchenko (1990b)
Mishchenko (1990c)
Mishchenko (1990d)
Mishchenko (1991a)
Mishchenko (1991b)
Mishchenko (1991c)

Mishchenko (1991e)
Mishchenko (1992a)
Mishchenko and Mackowski (1994)
Paramonov (1994c)
Paramonov (1994e)
Paramonov (1995a)
Paramonov (1995b)
Paramonov and Lopatin (1990)
Schulz et al. (1999a)
Sindoni et al. (1984)
Skaropoulos (2003)
Skaropoulos and Russchenberg (2002)
Tsang et al. (1984)
Varadan (1980)
Varadan and Varadan (1980a)
Varadan et al. (1984)
Wielaard et al. (1997)
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2.11. Convergence of various implementations of the T-matrix method

Aydin and Hizal (1979)
Bates andWong (1974)
Dallas (2000)
Ding and Xu (1999)
Doicu et al. (2000b)
Hizal (1980)
Iskander et al. (1983)
Kahnert et al. (2001b)
Khlebtsov et al. (2000)
Kristensson andWaterman (1982)
Kristensson et al. (1983)
Lakhtakia et al. (1984a)
Lapalme and Patitsas (1993a)

Mishchenko (1993)
Mishchenko and Travis (1994a)
Mishchenko and Travis (1998)
Mishchenko et al. (1996a)
Ramm (1982)
Ramm (2002)
Siqueira and Sarabandi (2000)
Ström and Zheng (1987)
Wall (1980)
Waterman (1980)
Waterman (1983)
Wiscombe and Mugnai (1986)

2.12. Benchmark T-matrix results

Bybenchmarknumerical resultsweunderstandnumberswithat least 3 correct first significant decimals.
The accuracy of the numbers must be established by either comparisons with results generated by an
independent method or by implementing a reliable internal convergence test.

Hovenier et al. (1996)
Kuik et al. (1992)
Mishchenko (1991a)
Mishchenko (1991d)
Mishchenko (2000)

Mishchenko and Mackowski (1996)
Mishchenko et al. (1996a)
Voshchinnikov et al. (2000)
Wielaard et al. (1997)

2.13. T-matrix calculations for homogeneous spheroids

Abdulkin and Paramonov (2001)
Alpers et al. (2001)
Astafieva and Babenko (1999)
Aydin and Daisley (2002)
Aydin and Lure (1991)
Aydin andWalsh (1999)
Aydin and Zhao (1990)
Aydin et al. (1984)
Aydin et al. (1989)
Aydin et al. (1998)
Babenko and Petrov (2002)
Balzer et al. (1998)
Bantges et al. (1999)
Baran et al. (1998)

Barber (1977a)
Barber (1977b)
Barber (1978)
Barber and Hill (1988)
Barber and Massoudi (1982)
Barber andWang (1978)
Barber andYeh (1975)
Barber et al. (1981)
Barber et al. (1982)
Barber et al. (1983a)
Barber et al. (1983b)
Barksdale and Bostian (1988)
Battaglia et al. (2001a)
Battaglia et al. (2001b)
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Bayoudh et al. (2003)
Bazhan et al. (2002)
Bonev et al. (2002)
Borrmann et al. (1996)
Borrmann et al. (2000)
Bringi and Seliga (1977a)
Bringi and Seliga (1980)
Bringi et al. (1998)
Brogniez et al. (2003)
Brooks et al. (2004)
Carey et al. (2000)
Chang et al. (2002)
Cline et al. (1986)
Crosta et al. (2003)
Czekala (1998)
Czekala and Simmer (1998)
Czekala and Simmer (2002)
Czekala et al. (1999)
Czekala et al. (2001a)
Czekala et al. (2001b)
Dlugach and Mishchenko (2004)
Dlugach and Petrova (2003)
Dlugach et al. (2002a)
Dlugach et al. (2002b)
Doicu (2002)
Doicu andWriedt (1997a)
Doicu andWriedt (1997b)
Doicu andWriedt (1997c)
Doicu andWriedt (1999)
Doicu et al. (1997)
Doicu et al. (1998)
Doicu et al. (1999b)
Doicu et al. (2000b)
Dubovik et al. (2002)
Durden (2003)
Enejder et al. (2003)
Flesia et al. (1994)
Fueglistaler et al. (2003)
Geller et al. (1985)
Glatter and Hofer (1988)
Gledhill and McCall (2000)
Gustafson et al. (2001)
Haferman (2000)
Haferman et al. (1997)

Heintzenberg et al. (2002)
Hill and Benner (1988)
Hill et al. (1984)
Hizal (1980)
Ho and Allen (1994)
Hofer and Glatter (1989)
Holt (1982)
Hogan et al. (2000)
Höpfner et al. (2001)
Hovenier et al. (1996)
Hu et al. (2002)
Ishimaru et al. (1984)
Iskander and Lakhtakia (1984)
Iskander et al. (1983)
Iskander et al. (1986)
Iskander et al. (1989a)
Iskander et al. (1989b)
Jakeman (2000)
Jalava et al. (1998)
Joshi et al. (2003)
Kahn et al. (1997)
Kahnert (2004)
Kahnert et al. (2002a)
Kahnert et al. (2002b)
Kalashnikova et al. (2005)
Keenan et al. (2001)
Kerola and Larson (2001)
Khlebtsov and Mel’nikov (1995)
Khlebtsov et al. (1994)
Khlebtsov et al. (1996a)
Khlebtsov et al. (1996b)
Khlebtsov et al. (1999a)
Khlebtsov et al. (1999b)
Kollias et al. (2001)
Kollias et al. (2002)
Kollias et al. (2003)
Kolokolova (2004)
Kolokolova et al. (1997)
Kouzoubov et al. (1998)
Kouzoubov et al. (1999)
Krotkov et al. (1997)
Krotkov et al. (1999)
Kuik et al. (1992)
Kuik et al. (1994)
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Kummerow andWeinman (1988)
Lacis and Mishchenko (1995)
Lakhtakia and Iskander (1983a)
Lakhtakia et al. (1981)
Lakhtakia et al. (1982a)
Lakhtakia et al. (1982b)
Lakhtakia et al. (1983)
Lakhtakia et al. (1984a)
Lakhtakia et al. (1984c)
Lambert et al. (2003)
Latimer and Barber (1978)
Liang and Mishchenko (1997)
Liou et al. (1983)
Liu and Mishchenko (2001)
Liu et al. (2002)
Lopatin and Paramonov (1989)
Lopatin and Sid’ko (1988)
Lucas (2003)
Lumme (2000)
Lumme and Rahola (1998)
Luo et al. (2003)
Macke et al. (1995)
Mackowski (2002)
Massoudi et al. (1982)
Merchant et al. (1988)
Miao et al. (2003)
Min et al. (2003)
Mishchenko (1989)
Mishchenko (1990a)
Mishchenko (1990c)
Mishchenko (1990d)
Mishchenko (1991a)
Mishchenko (1991b)
Mishchenko (1991d)
Mishchenko (1991e)
Mishchenko (1991f)
Mishchenko (1992a)
Mishchenko (1992b)
Mishchenko (1992c)
Mishchenko (1993)
Mishchenko (1994)
Mishchenko (2000)
Mishchenko and Hovenier (1995)
Mishchenko and Lacis (2003)

Mishchenko and Macke (1998)
Mishchenko and Sassen (1998)
Mishchenko and Travis (1994a)
Mishchenko and Travis (1994b)
Mishchenko and Travis (1994c)
Mishchenko and Travis (1998)
Mishchenko et al. (1995a)
Mishchenko et al. (1995b)
Mishchenko et al. (1997a)
Mishchenko et al. (1997b)
Mishchenko et al. (2000a)
Morel et al. (2002)
Mourant et al. (2002)
Mroczka et al. (2002)
Müller et al. (2003)
Nieminen et al. (2001a)
Nieminen et al. (2001b)
Nilsson et al. (1998)
Nousiainen and Vermeulen (2003)
Oppel et al. (2002)
Paramonov (1994a)
Paramonov (1994b)
Paramonov (1994d)
Paramonov and Lopatin (1989)
Paramonov et al. (1986a)
Paramonov et al. (1986b)
Paramonov et al. (1989)
Peter et al. (2003)
Petrova (1999a)
Petrova (1999b)
Petrova and Markiewicz (1997)
Pilinis and Li (1998)
Pitter et al. (1999)
Porco et al. (2003)
Porstendorfer et al. (1999)
Prodi et al. (1999)
Qingan et al. (1998)
Quirantes and Delgado (1995a)
Quirantes and Delgado (1995b)
Quirantes and Delgado (1998)
Reichardt et al. (2002)
Roberti and Kummerow (1999)
Roessler et al. (1983)
Ruppin (1998)



366 M.I. Mishchenko et al. / Journal of Quantitative Spectroscopy & Radiative Transfer 88 (2004) 357–406

Ryde and Matijevi´c (1994)
Sakai et al. (2002)
Sakai et al. (2003)
Schulz et al. (1998a)
Schulz et al. (1998b)
Schulz et al. (1999b)
Seliga and Bringi (1978)
Seow et al. (1998)
Shvalov et al. (2000)
Sid’ko et al. (1980)
Sinyuk et al. (2003)
Streekstra et al. (1994)
Thomas et al. (2002)
Toon et al. (1990)
Toon et al. (2000)
Troitsky et al. (2001)
Troitsky et al. (2003)
Tsang et al. (1984)
Tsias et al. (1999)
Tzeng et al. (1985)
Vargas and Niklasson (2001)
Vargas and Niklasson (2002)
Veihelmann et al. (2004)

Vivekanandan et al. (1991)
Voigt et al. (2003)
Voshchinnikov et al. (2000)
Wang et al. (1980)
Warner (1975)
Warner and Hizal (1976)
Waterman (1971)
Waterman (1979)
Wauben et al. (1993)
Whitney andWolff (2002)
Wielaard et al. (1997)
Wirth et al. (1999)
Wolff and Clancy (2003)
Wong et al. (2004)
Wriedt and Doicu (1998b)
Xing and Greenberg (1994a)
Xing and Greenberg (1994b)
Yeh et al. (1982b)
Yilmaz et al. (2003)
Zakharova and Mishchenko (2000)
Zhao and Hu (2003)
Zrnić et al. (2000)

2.14. T-matrix calculations for Chebyshev and generalized Chebyshev particles

Battaglia et al. (2001b)
Chýlek and Ramaswamy (1982)
Chylek et al. (1981)
Crosta et al. (2001)
Crosta et al. (2003)
Ding and Xu (1999)
Flesia et al. (1994)
Mannoni et al. (1996)
Mishchenko (1989)
Mishchenko (1990c)
Mishchenko (1990d)
Mishchenko (1991a)

Mishchenko (1991d)
Mishchenko (1994)
Mishchenko (2000)
Mishchenko and Lacis (2003)
Mishchenko and Sassen (1998)
Mishchenko and Travis (1994b)
Mugnai andWiscombe (1980)
Mugnai andWiscombe (1986)
Mugnai andWiscombe (1989)
Wiscombe and Mugnai (1986)
Wiscombe and Mugnai (1988)

2.15. T-matrix calculations for finite circular cylinders

Appleyard and Davies (2004)
Baran (2003)

Baran and Francis (2004)
Baran et al. (2003)
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Barber (1977a)
Barber et al. (1982)
Baumgarten et al. (2002)
Ding and Xu (2002)
Dlugach and Mishchenko (2004)
Doicu andWriedt (1997c)
Eremina andWriedt (2003)
Evans et al. (1999)
Francis et al. (1999)
Gordon et al. (2001)
Havemann and Baran (2001)
Hovenier et al. (1996)
Kahn et al. (2003)
Kahnert et al. (2002a)
Kahnert et al. (2002b)
Khlebtsov et al. (2004a)
Kuik et al. (1994)
Lapalme and Patitsas (1993a)
Lapalme and Patitsas (1993b)
Lee et al. (2003)
Liu and Mishchenko (2001)
Liu et al. (1998)
Liu et al. (1999)

Mackowski (2002)
Merchant et al. (1988)
Miao et al. (2003)
Mishchenko (2000)
Mishchenko and Macke (1998)
Mishchenko and Macke (1999)
Mishchenko and Sassen (1998)
Mishchenko et al. (1996a)
Mishchenko et al. (1997b)
Nieminen et al. (2001)
Oppel et al. (2002)
Pulbere andWriedt (2004)
Ruppin (1990)
Waterman (1971)
Waterman (1973)
Waterman (1979)
Wauben et al. (1993)
Wielaard et al. (1997)
Xing and Greenberg (1994)
Yang et al. (2003)
Yilmaz et al. (2003)
Zakharova and Mishchenko (2001)

2.16. T-matrix calculations for various rotationally symmetric particles

Aydin and Seliga (1984)
Aydin et al. (1984)
Barber and Massoudi (1982)
Barber andYeh (1975)
Bates andWong (1974)
Bringi and Seliga (1977a)
Bringi and Seliga (1980)
Doicu andWriedt (1997c)
Hizal (1980)
Lakhtakia and Iskander (1983a)
Lakhtakia et al. (1983)
Lapalme and Patitsas (1993a)
Li et al. (2001)
Mishchenko and Videen (1999)
Mishchenko and Lacis (2003)

Ngo et al. (1997)
Prodi et al. (1999)
Schuh andWriedt (2003)
Ström and Zheng (1987)
Sturniolo et al. (1995)
Videen et al. (1996)
Warner and Hizal (1976)
Waterman (1965)
Waterman (1971)
Waterman (1973)
Waterman (1979)
Waterman (1980)
Wriedt and Doicu (1997)
Yeh et al. (1982a)
Yeh et al. (1982b)
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2.17. T-matrix calculations for ellipsoids, polyhedral scatterers, and other particles lacking axial
symmetry

Baran and Francis (2004)
Baran et al. (2001a)
Baran et al. (2001b)
Björkberg and Kristensson (1987)
Havemann and Baran (2001)
Havemann et al. (2003)
Kahnert (2004)
Kahnert et al. (2001a)
Kahnert et al. (2001b)

Kahnert et al. (2002a)
Kahnert et al. (2002b)
Laitinen and Lumme (1998)
Mitchell et al. (2001)
Schneider and Peden (1988)
Schneider et al. (1991)
Wriedt (2002)
Wriedt and Comberg (1998)
Wriedt and Doicu (1998b)

2.18. T-matrix calculations for layered and composite particles

Aydin and Zhao (1990)
Aydin et al. (1983)
Bringi and Seliga (1977a)
Bringi and Seliga (1977b)
Cooper et al. (1983)
Doicu andWriedt (2001b)
Doicu andWriedt (2001c)
Doicu andWriedt (2001d)
Hizal (1980)
Hofer and Glatter (1989)

Mazumder et al. (1992)
Quirantes (1999)
Quirantes and Delgado (2001)
Ström and Zheng (1988)
Ström and Zheng (1989)
Wang and Barber (1979)
Wang et al. (1979)
Zheng (1988)
Zheng (1989)
Zheng and Ström (1989)

2.19. T-matrix calculations for clusters of homogeneous spheres

Abel et al. (2003)
Andersen et al. (2002)
Andersen et al. (2004)
Arnold et al. (1994)
Auger and Stout (2003)
Auger et al. (2000)
Auger et al. (2003)
Borghese et al. (1984a)
Borghese et al. (1984b)
Borghese et al. (1984c)
Borghese et al. (1987b)
Borghese et al. (1989)
Borghese et al. (2001)
Botet et al. (1997)
Bruning and Lo (1971b)
Chew (1989)
Chew and Lu (1995)

Chew et al. (1990)
Chew et al. (1994)
Comberg andWriedt (1999)
Cruz et al. (1989)
de Abajo (1999a)
de Abajo (1999b)
de Daran et al. (1995)
Flatau et al. (1993)
Fonseca et al. (1993)
Fonseca et al. (1994)
Fucile et al. (1995)
Fuller (1991)
Fuller (1995)
Fuller and Kattawar (1988a)
Fuller and Kattawar (1988b)
Fuller et al. (1986)
Fuller et al. (1999)
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Gérardy and Ausloos (1982)
Gustafson et al. (2001)
Hamid (1996)
Hamid et al. (1990a)
Hamid et al. (1990b)
Hamid et al. (1991)
Holler et al. (2000)
Hovenier and Mackowski (1998)
Hovenier et al. (1996)
Ioannidou et al. (1995)
Jin and Huang (1996a)
Kattawar and Dean (1983)
Khlebtsov et al. (2000)
Khlebtsov et al. (2004b)
Kimura (2001)
Kimura et al. (2003)
Landgraf et al. (1999)
Litvinov et al. (2003)
Lu and Chew (1993)
Mackowski (1991)
Mackowski (1994)
Mackowski and Mishchenko (1996)
Manoharan et al. (2003)
Mishchenko (1996)
Mishchenko and Mackowski (1994)
Mishchenko and Mackowski (1996)
Mishchenko et al. (1995a)
Mishchenko et al. (2004)
Miyazaki and Jimba (2000)
Miyazaki et al. (2002)
Miyazaki et al. (2003)
Miyazaki et al. (2004)
Ovod (1999)
Ovod et al. (1998)
Pellegrino et al. (1997)
Petrova et al. (2000)
Petrova et al. (2001a)
Petrova et al. (2001b)
Pustovit et al. (2002)
Quinten (1999)
Quinten and Kreibig (1988)
Quinten and Kreibig (1993)
Quinten et al. (2000)
Quinten et al. (2002)

Quirantes and Delgado (2003)
Quirantes et al. (2001)
Ruppin (1999)
Saija et al. (1985)
Saija et al. (2001a)
Saija et al. (2001b)
Saija et al. (2003a)
Saija et al. (2003b)
Schnaiter et al. (2003)
Secker et al. (2000)
Siqueira and Sarabandi (2000)
Stout et al. (2001)
Stout et al. (2002a)
Stout et al. (2002b)
Tishkovets (1994)
Tishkovets (1998)
Tishkovets and Litvinov (1996)
Tishkovets and Litvinov (1999)
Tishkovets et al. (1999)
Tishkovets et al. (2004a)
Tishkovets et al. (2004b)
Tzeng and Fung (1994)
Usami (1999)
Vargas and Niklasson (2001)
Vargas and Niklasson (2002)
Videen et al. (1997a)
Videen et al. (1997b)
Videen et al. (1998)
Videen et al. (2000)
Wang and Chew (1993)
Wurm and Schnaiter (2002)
Xu (1995)
Xu (1997a)
Xu (1998a)
Xu (2003b)
Xu (2003c)
Xu (2004)
Xu and Gustafson (1997)
Xu and Gustafson (1999)
Xu and Gustafson (2001)
Xu andWang (1998)
Xu et al. (1999)
Zhao et al. (2003)
Zhong et al. (2004)
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2.20. T-matrix calculations for clusters of layered spheres

Borghese et al. (1987a)
Hamid et al. (1992)
Hamid et al. (2003)

Khlebtsov et al. (2004b)
Xu and Khlebtsov (2003)

2.21. T-matrix calculations for clusters of nonspherical monomers

Cruz et al. (1989)
Huang and Jin (1998)
Jin and Huang (1996b)

Şahin and Miller (1998)
Vargas et al. (1993)
Xu (2003a)

2.22. T-matrix calculations for particles with one or several (eccentric) inclusions

Auger et al. (2001)
Auger et al. (2004)
Borghese et al. (1992)
Borghese et al. (1994)
Borghese et al. (1998)
Chýlek and Videen (1998)
Chýlek et al. (1996)
Chýlek et al. (1998)
Chýlek et al. (2000)
Doicu andWriedt (2001a)
Fikioris and Uzunoglu (1979)
Fuller (1995b)
Fuller et al. (1999)
Hill et al. (1997)
Iatì et al. (2001)
Ioannidou and Chrissoulidis (2002)
Ioannidou et al. (1999)
Jones (1995)
Krieger et al. (2003)
Krieger et al. (2004)
Mackowski and Jones (1995)

Ngo and Pinnick (1994)
Ngo et al. (1996)
Pellegrino et al. (1997)
Pinnick et al. (2000)
Prabhu et al. (2001)
Roumeliotis and Fikioris (1981)
Rozenberg (1974)
Skaropoulos et al. (1994)
Schuh andWriedt (2001)
Secker et al. (2000)
Simão et al. (2001)
Skaropoulos et al. (1996)
Stout et al. (2003)
Videen and Chylek (1998)
Videen and Ngo (1998)
Videen et al. (1994)
Videen et al. (1995)
Videen et al. (1997b)
Videen et al. (2000)
Videen et al. (2001)

2.23. T-matrix calculations of optical resonances in nonspherical particles

Arnold et al. (1994)
Barber and Hill (1988)
Barber and Massoudi (1982)
Barber et al. (1982)

Borghese et al. (1987a)
Borghese et al. (1998)
Fuller (1989)
Fuller (1991)
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Fuller (1995b)
Fuller et al. (1986)
Hill and Benner (1988)
Gérardy and Ausloos (1982)
Khlebtsov et al. (1996a)
Khlebtsov et al. (2004a)
Kristensson (1984)
Lai et al. (1991)
Mazumder et al. (1992)
Merchant et al. (1988)
Mishchenko and Lacis (2003)

Miyazaki and Jimba (2000)
Ngo and Pinnick (1994)
Ruppin (1998)
Ruppin (1999)
Simão et al. (2001)
Tzeng et al. (1985)
Überall et al. (1985)
Zhao et al. (2003)
Zheng (1989)
Zheng and Ström (1991)

2.24. T-matrix calculations of optical forces and torques on small particles

Bayoudh et al. (2003)
Bishop et al. (2003)
Mishchenko (1991e)

Nieminen et al. (2001a)
Nieminen et al. (2001b)
Saija et al. (2003a)

2.25. T-matrix calculations of internal, surface, and local fields

Astafieva and Babenko (1999)
Babenko and Petrov (2002)
Barber (1977b)
Barber et al. (1983a)
Barber et al. (1983b)
Bates andWong (1974)
Bringi and Seliga (1980)
Cline et al. (1986)
Cruz et al. (1989)
Iskander et al. (1980)
Lakhtakia and Iskander (1983b)
Lakhtakia et al. (1981)
Lakhtakia et al. (1982a)

Lakhtakia et al. (1983)
Lakhtakia et al. (1984c)
Mackowski and Jones (1995)
Nilsson et al. (1998)
Şahin and Miller (1998)
Skaropoulos et al. (1996)
Stout et al. (2002b)
Tishkovets (1998)
Vargas et al. (1993)
Wang et al. (1980)
Waterman (1999)
Xu (2003c)
Xu (2004)

2.26. Illumination by focused beams and non-plane waves

Bayoudh et al. (2003)
Bishop et al. (2003)
Doicu andWriedt (1997a)
Doicu andWriedt (1997d)
Doicu andWriedt (1997e)
Lakhtakia et al. (1982a)

Lakhtakia et al. (1982b)
Li et al. (2001)
Nieminen et al. (2003b)
Ovod (1999)
Yeh et al. (1982b)
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2.27. Use of T-matrix calculations for testing other theoretical techniques

Andersen et al. (2002)
Andersen et al. (2004)
Babenko and Petrov (2002)
Baran et al. (1998)
Baran et al. (2001b)
Barber andWang (1978)
Chýlek and Ramaswamy (1982)
Chýlek and Videen (1998)
Comberg andWriedt (1999)
Doicu et al. (2000b)
Evans and Fournier (1994)
Flatau et al. (1993)
Fournier and Evans (1991)
Gordon et al. (2001)
Goedecke and O’Brien (1988)
Havemann et al. (2003)
Holt (1980)
Holt (1982)
Hovenier and Mackowski (1998)
Hovenier et al. (1996)
Iskander et al. (1989a)
Kahnert et al. (2001a)
Khlebtsov et al. (1991)
Khlebtsov et al. (1994)
Kimura (2001)
Lapalme and Patitsas (1993b)
Latimer and Barber (1978)
Liu et al. (1998)

Lopatin et al. (1987)
Macke et al. (1995)
Mishchenko (1990a)
Mishchenko (1990d)
Mishchenko (1991b)
Mishchenko and Macke (1999)
Mitchell et al. (2001)
Paramonov et al. (1986a)
Paramonov et al. (1986b)
Paramonov et al. (1989)
Peltoniemi (1996)
Petrova and Markiewicz (1997)
Qingan et al. (1998)
Ravey and Mazeron (1983)
Ruppin (1990)
Schulz et al. (1998a)
Seliga and Bringi (1978)
Simão et al. (2001)
Streekstra et al. (1994)
Videen and Chýlek (1998)
Videen et al. (1994)
Voshchinnikov et al. (2000)
Wielaard et al. (1997)
Wriedt and Comberg (1998)
Xu and Gustafson (1999)
Zhao and Hu (2003)
Zhao et al. (2003)

2.28. Comparisons of T-matrix and effective-medium-approximation results

Botet et al. (1997)
Chew (1989)
Chýlek and Videen (1998)
Chýlek et al. (2000)
Doicu andWriedt (2001a)
Fonseca et al. (1994)
Fuller et al. (1999)

Gustafson et al. (2001)
Neo et al. (1999)
Siqueira and Sarabandi (2000)
Videen and Chýlek (1998)
Videen et al. (1994)
Zurk et al. (1996)
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2.29. Comparisons of T-matrix and controlled laboratory results

Arnold et al. (1994)
Borghese et al. (1989)
Bringi and Seliga (1977a)
Bringi and Seliga (1977b)
Bruning and Lo (1971b)
Fuller et al. (1986)
Kattawar and Dean (1983)
Mishchenko and Mackowski (1996)
Qingan et al. (1998)

Ruppin (1990)
Varadan et al. (1983)
West et al. (1994)
Xu (1997a)
Xu (1998a)
Xu and Gustafson (1997)
Xu and Gustafson (1999)
Xu and Gustafson (2001)
Xu andWang (1998)

2.30. Use of T-matrix calculations for analyzing laboratory data

Balzer and Rubahn (2001)
Balzer et al. (1998)
Bazhan et al. (2002)
Chen et al. (2003)
Crosta et al. (2001)
Crosta et al. (2003)
Doicu et al. (1998)
Fonseca et al. (1993)
Hill et al. (1984)
Holler et al. (1998)
Holler et al. (2000)
Jalava et al. (1998)
Khlebtsov et al. (1994)
Krieger et al. (2003)
Krieger et al. (2004)
Lambert et al. (2003)
Mitchell et al. (2001)
Miyazaki et al. (2002)
Miyazaki et al. (2004)

Ngo and Pinnick (1994)
Nousiainen and Vermeulen (2003)
Pellegrino et al. (1997)
Pinnick et al. (2000)
Pitter et al. (1999)
Quinten and Kreibig (1988)
Quinten et al. (2000)
Quirantes and Delgado (1995a)
Quirantes and Delgado (1995b)
Quirantes and Delgado (1998)
Ryde and Matijevi´c (1994)
Secker et al. (2000)
Varadan et al. (1985a)
Videen et al. (1996)
Videen et al. (1997a)
Videen et al. (1997b)
Videen et al. (2000)
Volten et al. (1999)

2.31. T-matrix modeling of scattering properties of mineral aerosols in the terrestrial atmosphere and
soil particles

Dubovik et al. (2002)
Heintzenberg et al. (2002)

Hill et al. (1984)
Kahn et al. (1997)
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Kahnert (2004)
Kalashnikova et al. (2005)
Krotkov et al. (1997)
Krotkov et al. (1999)
Lacis and Mishchenko (1995)
Liang and Mishchenko (1997)
Liu et al. (2002)
Mishchenko et al. (1995b)
Mishchenko et al. (1997a)

Müller et al. (2003)
Nousiainen and Vermeulen (2003)
Pilinis and Li (1998)
Reid et al. (2003)
Sakai et al. (2002)
Sakai et al. (2003)
Sinyuk et al. (2003)
Veihelmann et al. (2004)
Wang et al. (2003)

2.32. T-matrix modeling of scattering properties of carbonaceous and soot aerosols and soot-
containing aerosol and cloud particles

Abel et al. (2003)
Chylek et al. (1981)
Chýlek et al. (1995)
Chýlek et al. (1996)
Fuller (1995a)
Fuller (1995b)
Fuller et al. (1999)

Khlebtsov and Mel’nikov (1995)
Quinten (1999)
Quinten et al. (2002)
Roessler et al. (1983)
Schnaiter et al. (2003)
Videen and Chýlek (1998)
Videen et al. (1994)

2.33. T-matrix modeling of scattering properties of cirrus cloud particles

Babur et al. (2002)
Bantges et al. (1999)
Baran (2003)
Baran and Francis (2004)
Baran et al. (1998)
Baran et al. (2001a)
Baran et al. (2001b)
Baran et al. (2003)
Battaglia et al. (2001a)
Borrmann et al. (1996)
Borrmann et al. (2000)
Czekala (1998)
Ding and Xu (2002)
Evans et al. (1999)
Francis et al. (1999)
Havemann et al. (2003)
Hogan et al. (2000)

Kahn et al. (2003)
Lee et al. (2003)
Miao et al. (2003)
Mishchenko and Macke (1998)
Mishchenko and Macke (1999)
Mishchenko et al. (1997b)
Mitchell et al. (2001)
Oppel et al. (2002)
Peter et al. (2003)
Prodi et al. (1999)
Saija et al. (2001b)
Sreerekha et al. (2002)
Stubenrauch et al. (1999)
Thomas et al. (2002)
Troitsky et al. (2001)
Troitsky et al. (2003)
Yang et al. (2003)
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2.34. T-matrix modeling of scattering properties of hydrometeors

Aydin and Daisley (2002)
Aydin and Lure (1991)
Aydin and Seliga (1984)
Aydin andWalsh (1999)
Aydin and Zhao (1990)
Aydin et al. (1984)
Aydin et al. (1989)
Aydin et al. (1998)
Barksdale and Bostian (1988)
Battaglia et al. (2001b)
Bringi and Chandrasekar (2001)
Bringi and Seliga (1977a)
Bringi et al. (1998)
Carey et al. (2000)
Czekala and Simmer (1998)
Czekala and Simmer (2002)
Czekala et al. (1999)
Czekala et al. (2001a)
Durden (2003)
Gosset (2004)
Haferman (2000)
Hubbert and Bringi (2003)
Ioannidou et al. (1999)

Jain andWatson (1985)
Keenan et al. (2001)
Kennedy et al. (2001)
Kollias et al. (2001)
Kollias et al. (2002)
Kollias et al. (2003)
Kummerow andWeinman (1988)
Mishchenko (1992a)
Prigent et al. (2001)
Prodi et al. (1999)
Qingan et al. (1998)
Roberti and Kummerow (1999)
Rozenberg (1974)
Seliga and Bringi (1978)
Seow et al. (1998)
Sturniolo et al. (1995)
Vivekanandan et al. (1991)
Wang and Barber (1979)
Warner (1975)
Warner and Hizal (1976)
Wiedner et al. (2004)
Yeh et al. (1982a)
Zrnić et al. (2000)

2.35. T-matrix modeling of scattering properties of terrestrial stratospheric aerosol and cloud particles

Brogniez et al. (2003)
Brooks et al. (2004)
Carslaw et al. (1998a)
Carslaw et al. (1998b)
Flentje et al. (2002)
Flesia et al. (1994)
Fueglistaler et al. (2002)
Fueglistaler et al. (2003)
Gerding et al. (2003)
Höpfner et al. (2001)

Hu et al. (2002)
Liu and Mishchenko (2001)
Luo et al. (2003)
Reichardt et al. (2000)
Reichardt et al. (2002)
Toon et al. (1990)
Toon et al. (2000)
Tsias et al. (1999)
Voigt et al. (2003)
Wirth et al. (1999)

2.36. T-matrix modeling of scattering properties of noctilucent cloud particles

Alpers et al. (2001)
Baumgarten et al. (2002)
Mishchenko (1992c)

Zakharova and Mishchenko (2000)
Zakharova and Mishchenko (2001)
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2.37. T-matrix modeling of scattering properties of hydrosol particles

Kouzoubov et al. (1998)
Kouzoubov et al. (1999)
Morel et al. (2002)

2.38. T-matrix modeling of scattering properties of aerosol and cloud particles in planetary
atmospheres

Dlugach and Mishchenko (2004)
Dlugach and Petrova (2003)
Dlugach et al. (2002a)
Dlugach et al. (2002b)
Mishchenko (1991f)
Petrova (1999a)

Petrova (1999b)
Petrova and Markiewicz (1997)
Rannou et al. (1997)
Wolff and Clancy (2003)
Wong et al. (2004)

2.39. T-matrix modeling of scattering properties of interstellar, interplanetary, and cometary particles

Andersen et al. (2002)
Andersen et al. (2004)
Bonev et al. (2002)
Gledhill and McCall (2000)
Gustafson et al. (2001)
Iatì et al. (2001)
Kerola and Larson (2001)
Kimura (2001)
Kimura et al. (2003)
Kolokolova (2004)
Kolokolova et al. (1997)
Landgraf et al. (1999)
Lucas (2003)
Lumme (2000)
Mishchenko (1989)
Mishchenko (1990c)

Mishchenko (1991b)
Petrova et al. (2000)
Petrova et al. (2001a)
Petrova et al. (2001b)
Porco et al. (2003)
Quinten et al. (2002)
Saija et al. (2001a)
Saija et al. (2003a)
Throop and Esposito (1998)
Tishkovets (1994)
Tishkovets and Litvinov (1999)
Tishkovets et al. (2004b)
Whitney andWolff (2002)
Wurm and Schnaiter (2002)

2.40. T-matrix computations for industrial and military applications

Appleyard and Davies (2004)
Auger et al. (2003)
Doicu et al. (1998)
Joshi et al. (2003)

Quinten (1999)
Ryde and Matijevi´c (1994)
Vargas (2003)
Vargas et al. (2001)
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2.41. T-matrix computations for biomedical applications

Barber (1977b)
Barber (1978)
Enejder et al. (2003)
Holler et al. (2000)
Iskander et al. (1980)
Khlebtsov et al. (1994)
Khlebtsov et al. (1995)
Khlebtsov et al. (1996b)
Khlebtsov et al. (1999a)
Khlebtsov et al. (2002a)
Khlebtsov et al. (2002b)
Khlebtsov et al. (2004b)
Lakhtakia and Iskander (1983a)
Lakhtakia and Iskander (1983b)
Lakhtakia et al. (1981)
Lakhtakia et al. (1982a)

Lakhtakia et al. (1982b)
Lakhtakia et al. (1984c)
Lambert et al. (2003)
Lopatin and Sid’ko (1988)
Massoudi et al. (1982)
Mourant et al. (2002)
Mroczka et al. (2002)
Muttiah (2002)
Nilsson et al. (1998)
Paramonov (1994a)
Shvalov et al. (2000)
Sid’ko et al. (1980)
Skaropoulos et al. (1996)
Videen and Ngo (1998)
Videen et al. (1998)
Wang and Barber (1979)

2.42. T-matrix computations of anisotropic properties of colloids and other disperse media

Baran et al. (2001a)
Borghese et al. (2001)
Czekala (1998)
Fucile et al. (1995)
Huang and Jin (1998)
Jin and Huang (1996b)
Khlebtsov (1998)

Khlebtsov and Melnikov (1998)
Khlebtsov et al. (1991)
Khlebtsov et al. (1992)
Khlebtsov et al. (1999b)
Mishchenko (1990c)
Mishchenko (1991b)
Varadan et al. (1985b)

3. Particles near infinite interfaces

3.1. Seminal publications

Karlsson and Kristensson (1983)
Kristensson (1980)

Kristensson and Ström (1980)
Kristensson and Ström (1982)

3.2. Spherically symmetric particles

Aslan et al. (2005)
Bobbert and Vlieger (1986)

Bobbert et al. (1986)
Bobbert et al. (1988)
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Borghese et al. (1997)
de la Peña et al. (1999b)
Fucile et al. (1997b)
González et al. (2001)
Hamid and Hamid (2000)
Hamid and Hamid (2002)
Ishikawa et al. (2000)
Johnson (1992)
Johnson (1994)
Johnson (1996)
Kim et al. (2002)
Kim et al. (2004)
Lazzari et al. (2001)

Lazzari et al. (2002)
Liu et al. (2000a)
Ngo and Videen (1997)
Quinten et al. (1999)
Ruppin (1991)
Videen (1991)
Videen (1993)
Videen (2000)
Videen et al. (1992)
Videen et al. (1993)
Videen et al. (2005)
Wannemacher et al. (1999)
Zvyagin and Goto (1998)

3.3. Non-spherically symmetric finite particles

Bobbert and Vlieger (1987)
Bobbert et al. (1987)
Borghese et al. (1995)
Borghese et al. (1997)
Denti et al. (1999a)
Denti et al. (1999b)
Doicu et al. (1999a)
Doicu et al. (2000a)
Doicu et al. (2001)
Germer (2002)
Lazzari et al. (2001)

Lazzari et al. (2002)
Simonsen et al. (2000)
Videen (1995)
Videen (1996)
Videen (1997)
Wind et al. (1987a)
Wind et al. (1987b)
Wind et al. (1988)
Wriedt and Doicu (1998a)
Wriedt and Doicu (2000)

3.4. Finite particles on incident side of planar interface

Bobbert and Vlieger (1986)
Bobbert and Vlieger (1987)
Bobbert et al. (1986)
Bobbert et al. (1987)
Bobbert et al. (1988)
Borghese et al. (1995)
Borghese et al. (1997)
de la Peña et al. (1999b)
Denti et al. (1999a)
Denti et al. (1999b)
Doicu et al. (1999a)
Doicu et al. (2000a)
Fucile et al. (1997b)
Germer (2002)

González et al. (2001)
Hamid and Hamid (2000)
Hamid and Hamid (2002)
Johnson (1992)
Johnson (1994)
Johnson (1996)
Kim et al. (2002)
Kim et al. (2004)
Lazzari et al. (2001)
Lazzari et al. (2002)
Ngo and Videen (1997)
Ruppin (1991)
Simonsen et al. (2000)
Videen (1991)



M.I. Mishchenko et al. / Journal of Quantitative Spectroscopy & Radiative Transfer 88 (2004) 357–406379

Videen (1995)
Videen (1997)
Videen (2000)
Videen et al. (1992)
Videen et al. (1993)

Wind et al. (1987a)
Wind et al. (1987b)
Wind et al. (1988)
Wriedt and Doicu (1998a)
Wriedt and Doicu (2000)

3.5. Finite particles on transmitted side of planar interface

Aslan et al. (2005)
Doicu et al. (2001)
Ishikawa et al. (2000)
Liu et al. (2000a)
Quinten et al. (1999)

Videen (1993)
Videen (1996)
Videen et al. (2005)
Wannemacher et al. (1999)
Zvyagin and Goto (1998)

3.6. Two-dimensional particles near planar substrates

Borghi et al. (1996a)
Borghi et al. (1996b)
Borghi et al. (1997)
Borghi et al. (1999)
Borghi et al. (2000)
de la Peña et al. (1999a)

Lee (1999)
Lee and Grzesik (1998)
Rao and Barakat (1989)
Rao and Barakat (1991)
Rao and Barakat (1994)
Videen and Ngo (1997)

3.7. Tools for particle characterization

Aslan et al. (2005)
Bobbert and Vlieger (1987)
Bobbert et al. (1986)
Bobbert et al. (1987)
Bobbert et al. (1988)
de la Peña et al. (1999a)
de la Peña et al. (1999b)
Doicu et al. (2001)
Ishikawa et al. (2000)
Johnson (1994)

Kim et al. (2002)
Kim et al. (2004)
Liu et al. (2000a)
Quinten et al. (1999)
Videen (1997)
Wannemacher et al. (1999)
Wind et al. (1987a)
Wind et al. (1987b)
Zvyagin and Goto (1998)

3.8. Convergence of results

de la Peña et al. (1999a)
de la Peña et al. (1999b)
Doicu et al. (1999a)
González et al. (2001)

Johnson (1996)
Videen et al. (1992)
Videen et al. (1993)
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3.9. Resonances

Borghese et al. (1997)
Ishikawa et al. (2000)
Johnson (1994)
Lazzari et al. (2002)

Liu et al. (2000a)
Quinten et al. (1999)
Wannemacher et al. (1999)

3.10. Normally incident interaction-field approximation

de la Peña et al. (1999a)
de la Peña et al. (1999b)
Johnson (1994)
Johnson (1996)
Kim et al. (2002)
Ngo and Videen (1997)
Videen (1991)

Videen (1993)
Videen (1995)
Videen (1996)
Videen and Ngo (1997)
Videen et al. (1992)
Videen et al. (1993)
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Şahin A, Miller EL. RecursiveT -matrix methods for scattering from multiple dielectric and metallic objects. IEEE Trans
Antennas Propag 1998;46:672–8.

Saija R, Toscano G, Sindoni OI. et al. Effect of the “chemical reactions” on the absorption coefficient of a polydisperse model
aerosol. Nuovo Cim 1985;85:79–93.

Saija R, Iatì MA, Borghese F. et al. Beyond Mie theory: the transition matrix approach in interstellar dust modeling. Astrophys
J 2001a;559:993–1004.

Saija R, Iatì MA, Denti P. et al. Backscattered intensity from model atmospheric ice crystals in the millimeter-wave range. Appl
Opt 2001b;40:5337–42.

Saija R, Iatì MA, Giusto A. et al. Radiation pressure cross-sections of fluffy interstellar grains. Mon Not R Astron Soc
2003a;341:1239–45.

Saija R, Iatì MA, Denti P. et al. Efficient light-scattering calculations for aggregates of large spheres. Appl Opt 2003b;42:
2785–93.

Sakai T, Shibata T, IwasakaY. et al. Case study of Raman lidar measurements of Asian dust events in 2000 and 2001 at Nagoya
and Tsukuba, Japan. Atmos Environ 2002;36:5479–89.

Sakai T, Shibata T, Hara K. et al. Raman lidar and aircraft measurements of tropospheric aerosol particles during the Asian dust
event over central Japan: case study on 23 April 1996. J Geophys Res 2003;108:4349.

Schmidt K, Rother T,Wauer J. The equivalence of applying the Extended Boundary Condition and the continuity conditions for
solving electromagnetic scattering problems. Opt Commun 1998;150:1–4.

Schnaiter M, Horvath H, Möhler O. et al. UV-VIS-NIR spectral optical properties of soot and soot-containing aerosols. JAerosol
Sci 2003;34:1421–44.

Schneider JB, Peden IC. Differential cross section of a dielectric ellipsoid by theT -matrix extended boundary condition method.
IEEE Trans Antennas Propag 1988;36:1317–21.

Schneider J, Brew J, Peden IC. Electromagnetic detection of buried dielectric targets. IEEE Trans Geosci Remote Sens
1991;29:555–62.

Schuh R, Wriedt T. Computer programs for light scattering by particles with inclusions. JQSRT 2001;70:715–23.
SchuhR,Wriedt T. Light scattering by bent cylindrical fibers for fiber length and diameter characterization. Part Part Syst Charact

2003;20:243–9.
Schulz FM, Stamnes K, Stamnes JJ. Scattering of electromagnetic waves by spheroidal particles: a novel approach exploiting

theTmatrix computed in spheroidal coordinates. Appl Opt 1998a;37:7875–96.
Schulz FM, Stamnes K, Stamnes JJ. Modeling the radiative transfer properties of media containing particles of moderately and

highly elongated shape. Geophys Res Lett 1998b;25:4481–4.
Schulz FM, Stamnes K, Stamnes JJ. Point-group symmetries in electromagnetic scattering. J Opt Soc AmA 1999a;16:853–65.
Schulz FM, Stamnes K, Stamnes JJ. Shape dependence of the optical properties in size-shape distributions of randomly oriented

prolate spheroids, including highly elongated shapes. J Geophys Res 1999b;104:9413–21.
Secker DR, Greenaway R, Kaye PH. et al. Light scattering from deformed droplets and droplets with inclusions. I. Experimental

results. Appl Opt 2000;39:5023–30.
Seliga TA, Bringi VN. Differential reflectivity and differential phase shift: applications in radar meteorology. Radio Sci

1978;13:271–5.
SeowY-L, Li L-W, Leong M-S. et al. An efficient TCS formula for rainfall microwave attenuation:T -matrix approach and 3-D

fitting for oblate spheroidal raindrops. IEEE Trans Antennas Propag 1998;46:1176–81.
Sharma R, Balakrishnan N. Scattering of electromagnetic waves from arbitrary shaped bodies coated with a chiral material.

Smart Mater Struct 1998;7:851–66.
Shvalov AN, Soini JT, Surovtsev IV. et al. Individual Escherichia coli cells studied from light scattering with the scanning flow

cytometer. Cytometry 2000;41:41–5.
Sid’ko FYa, LopatinVN, Paramonov LYe. Polarization characteristics of suspensions of biological particles. Novosibirsk: Nauka;

1990 (in Russian).
SimãoAG,Guimarães LG,VideenG.A comparative study in resonant light scattering between spherical and cylindrical dielectric

hosts with a metallic inclusion. JQSRT 2001;70:777–86.
Simonsen I, Lazzari R, Jupille J, Roux S. Numerical modeling of the optical response of supported metallic particles. Phys Rev

B 2000;61:7722–33.
Sindoni OI, Borghese F, Denti P. et al. Multiple electromagnetic scattering from a cluster of spheres. II. Symmetrization.Aerosol

Sci Technol 1984;3:237–43.



M.I. Mishchenko et al. / Journal of Quantitative Spectroscopy & Radiative Transfer 88 (2004) 357–406401

Sinyuk A, Torres O, Dubovik O. Combined use of satellite and surface observations to infer the imaginary part of refractive
index of Saharan dust. Geophys Res Lett 2003;30:1081.

Siqueira PR, Sarabandi K.T -matrix determination of effective permittivity for three-dimensional dense random media. IEEE
Trans Antennas Propag 2000;48:317–27.

Skaropoulos NC. Backward and forward scattering of electromagnetic waves from partially aligned axially symmetric particles.
JQSRT 2003;79/80:1061–81.

Skaropoulos NC, Russchenberg HWJ. Light scattering by arbitrarily oriented rotationally symmetric particles. J Opt Soc AmA
2002;19:1583–91.

Skaropoulos NC, Ioannidou MP, Chrissoulidis DP. Indirect mode-matching solution to scattering from a dielectric sphere with
an eccentric inclusion. J Opt Soc AmA 1994;11:1859–66.

SkaropoulosNC, IoannidouMP,Chrissoulidis DP. InducedEMfield in a layered eccentric spheresmodel of the head: plane-wave
and localized source exposure. IEEE Trans Microwave Theory Tech 1996;44:1963–73.

Sreerekha TR, Buehler S, Emde C. A simple new radiative transfer model for simulating the effect of cirrus clouds in the
microwave spectral region. JQSRT 2002;75:611–24.

Stefanou N, ModinosA. Scattering of electromagnetic waves by a disordered two-dimensional array of spheres. J Phys: Condens
Matter 1993;5:8859–68.

Stein S. Addition theorems for spherical wave functions. Quart Appl Math 1961;19:15–24.
Stout B, Auger J-C, Lafait J. Individual and aggregate scattering matrices and cross-sections: conservation laws and reciprocity.

J Mod Opt 2001;48:2105–28.
Stout B, Auger J-C, Lafait J. A transfer matrix approach to local field calculations in multiple-scattering problems. J Mod Opt

2002a;49:2129–52.
Stout B,AndraudC,ProtD. et al. Complete field descriptions in three-dimensionalmultiple scattering problems: a transfer-matrix

approach. J Opt A: Pure Appl Opt 2002b;4:S182–7.
Stout B, Andraud C, Stout S, Lafait J. Absorption in multiple-scattering systems of coated spheres. J Opt Soc Am A 2003;20:

1050–9.
StreekstraGJ,HoekstraAG,HeethaarRM.Anomalousdiffractionbyarbitrarily orientedellipsoids: applications inektacytometry.

Appl Opt 1994;33:7288–96.
StrömS.Tmatrix for electromagnetic scattering fromanarbitrary number of scattererswith continuously varyingelectromagnetic

properties. Phys Rev D 1974;10:2685–90.
Ström S. On the integral equations for electromagnetic scattering. Am J Phys 1975;43:1060–9.
Ström S. Introduction to integral representations and integral equations for time-harmonic acoustic, electromagnetic and

elastodynamic wave fields. In: Varadan VV, Lakhtakia A, Varadan VK., editors. Field representations and introduction to
scattering. Amsterdam: North-Holland; 1991a. p. 37–141.

Ström S. The scattered field. In: Varadan VV, Lakhtakia A, Varadan VK., editors. Field representations and introduction to
scattering. Amsterdam: North-Holland; 1991b. p. 143–64.

Ström S, ZhengW. Basic features of the null field method for dielectric scatterers. Radio Sci 1987;22:1273–81.
Ström S, ZhengW. The null field approach to electromagnetic scattering from composite objects. IEEE Trans Antennas Propag

1988;36:376–82.
Ström S, ZhengW. Null-field computations of radar cross sections of composite objects. Proc IEEE 1989;77:761–9.
Stubenrauch CJ, Holz R, Chédin A. et al. Retrieval of cirrus ice crystal sizes from 8.3 and 11.1�m emissivities determined

by the improved initialization inversion of TIROS-N Operational Vertical Sounder observations. J Geophys Res 1999;104:
31793–808.

Sturniolo O, Mugnai A, Prodi F. A numerical sensitivity study on the backscattering at 35.8 GHz from precipitation-sized
hydrometeors. Radio Sci 1995;30:903–19.

Thomas A, Borrmann S, Kiemle C. et al. In situ measurements of background aerosol and subvisible cirrus in the tropical
tropopause region. J Geophys Res 2002;107 (doi:10.1029/2001JD001385).

Throop HB, Esposito LW. G ring particle sizes derived from ring plane crossing observations. Icarus 1998;131:152–66.
Tishkovets VP. Light scattering by clusters of spherical particles. Cooperative effects under chaotic orientation. Kinem Phys

Celest Bodies 1994;10 (2):50–4.
Tishkovets VP. Backscattering of light by close-packed systems of particles. Opt Spectrosc 1998;85:212–7.
Tishkovets VP. Multiple scattering of light by a layer of discrete random medium: backscattering. JQSRT 2002;72:123–37.



402 M.I. Mishchenko et al. / Journal of Quantitative Spectroscopy & Radiative Transfer 88 (2004) 357–406

Tishkovets VP, Litvinov PV. Coefficients of light extinction by randomly oriented clusters of spherical particles in the double
scattering approximation. Opt Spectrosc 1996;81:288–91.

Tishkovets VP, Litvinov PV. Opposition effects in light scattering by regolith-type media. Solar Syst Res 1999;33:162–7.
Tishkovets VP, Mishchenko MI. Coherent backscattering of light by a layer of discrete random medium. JQSRT 2004;86:

161–80.
Tishkovets VP, Shkuratov YuG, Litvinov PV. Comparison of collective effects at scattering by randomly oriented clusters of

spherical particles. JQSRT 1999;61:767–73.
Tishkovets VP, Litvinov PV, Lyubchenko MV. Coherent opposition effects for semi-infinite discrete random medium in the

double-scattering approximation. JQSRT 2002;72:803–11.
TishkovetsV, Litvinov P, PetrovaE. et al. Backscattering effects for discrete randommedia. In:VideenG,YatskivYa,Mishchenko

M. et al., editors. Photopolarimetry in remote sensing. Dordrecht, The Netherlands: Kluwer Academic Publishers; 2004a.
p. 221–42.

Tishkovets VP, Petrova EV, Jockers K. Optical properties of aggregate particles comparable in size to the wavelength. JQSRT
2004b;86:241–65.

Toon OB, Browell EV, Kinne S. et al. An analysis of lidar observations of polar stratospheric clouds. Geophys Res Lett
1990;17:393–6.

Toon OB, TabazadehA, Browell EV, Jordan J. Analysis of lidar observations of Arctic polar stratospheric clouds during January
1989. J Geophys Res 2000;105:20589–615.

Troitsky AV, Osharin AM, Korolev AV. et al. Studying the polarization characteristics of thermal microwave emission from a
cloudy atmosphere. Radiophys Quant Electron 2001;44:935–48.

Troitsky AV, Osharin AM, Korolev AV, Strapp JW. Polarization of thermal microwave atmospheric radiation due to scattering
by ice particles in clouds. J Atmos Sci 2003;60:1608–20.

Tsang L. Scattering of electromagnetic waves from a half space of nonspherical particles. Radio Sci 1984;19:1450–60.
Tsang L, Kong JA. Multiple scattering of electromagnetic waves by random distributions of discrete scatterers with coherent

potential and quantum mechanical formalism. J Appl Phys 1980;51:3465–85.
Tsang L, Kong JA. Effective propagation constants for coherent electromagnetic wave propagation in media embedded with

dielectric scatters. J Appl Phys 1982;53:7162–73.
Tsang L, Kong JA. Scattering of electromagnetic waves from a half space of densely distributed dielectric scatterers. Radio Sci

1983;18:1260–72.
Tsang L, Kong JA. Scattering of electromagnetic waves: advanced topics. NewYork: Wiley; 2001.
Tsang L, Kong JA, Shin RT. Radiative transfer theory for active remote sensing of a layer of nonspherical particles. Radio Sci

1984;19:629–42.
Tsang L, Kong JA, Shin RT. Theory of microwave remote sensing. NewYork: Wiley; 1985.
Tsang L,Mandt CE, Ding KH.MonteCarlo simulations of the extinction rate of densemediawith randomly distributed dielectric

spheres based on solution of Maxwell’s equations. Opt Lett 1992;17:314–6.
Tsang L, Kong JA, Ding K-H. Scattering of electromagnetic waves: theories and applications. NewYork: Wiley; 2000.
Tsang L, Kong JA, Ding K-H, Ao CO. Scattering of electromagnetic waves: numerical simulations. NewYork: Wiley; 2001.
Tsias A, Wirth M, Carslaw KS. et al. Aircraft observations of an enhanced type Ia polar stratospheric clouds during APE-

POLECAT. J Geophys Res 1999;104:23961–9.
Tzeng YC, Fung AK.T -matrix approach to multiple scattering of EM waves from N-spheres. J Electromagn Waves Appl

1994;8:61–84.
Tzeng H-M, Long MB, Chang RK, Barber PW. Laser-induced shape distortions of flowing droplets deduced from morphology-

dependent resonances in fluorescence spectra. Opt Lett 1985;10:209–11.
Überall H, Moser PJ, Merchant BL. et al. Complex acoustic and electromagnetic resonance frequencies of prolate spheroids and

related elongated objects and their physical interpretation. J Appl Phys 1985;58:2109–24.
UsamiA. Rigorous solutions of light scattering of neighboring TiO2 particles in nanocrystalline films. Solar Energy Mater Solar

Cells 1999;59:163–6.
VaradanVK.Multiple scattering of acoustic, electromagnetic and elastic waves. In:VaradanVK,VaradanVV.,  editors.Acoustic,

electromagnetic and elastic wave scattering—focus on the T-matrix approach. NewYork: Pergamon Press; 1980. p. 103–34.
VaradanVV,VaradanVK.Multiple scattering of electromagneticwaves by randomly distributed andoriented dielectric scatterers.

Phys Rev D 1980a;21:388–94.



M.I. Mishchenko et al. / Journal of Quantitative Spectroscopy & Radiative Transfer 88 (2004) 357–406403

VaradanVK, VaradanVV, editors. Acoustic, electromagnetic and elastic wave scattering—focus on theT-matrix approach. New
York: Pergamon Press; 1980b.

Varadan VK, Bringi VN, Varadan VV. Coherent electromagnetic wave propagation through randomly distributed dielectric
scatterers. Phys Rev D 1979;19:2480–9.

VaradanVK, BringiVN,VaradanVV, IshimaruA.Multiple scattering theory for waves in discrete randommedia and comparison
with experiments. Radio Sci 1983;18:321–7.

Varadan VK, Ma Y, Varadan VV. Coherent electromagnetic wave propagation through randomly distributed and oriented pair-
correlated dielectric scatterers. Radio Sci 1984;19:1445–9.

Varadan VV, Ma Y, Varadan VK. Propagator model including multipole fields for discrete random media. J Opt Soc Am A
1985a;2:2195–201.

Varadan VV, Ma Y, Varadan VK. Anisotropic dielectric properties of media containing aligned non-spherical scatterers. IEEE
Trans Antennas Propag 1985b;33:886–90.

VaradanVV,VaradanVK,MaY, SteeleWA. Effects of nonspherical statistics on EMwave propagation in discrete randommedia.
Radio Sci 1987;22:491–8.

Varadan VV, Lakhtakia A, Varadan VK. Comments on recent criticism of theT -matrix method. J Acoust Soc Am 1988;84:
2280–4.

Vargas WE. Optical properties of pigmented coatings taking into account particle interactions. JQSRT 2003;78:187–95.
Vargas WE, Niklasson GA. Reflectance of pigmented polymer coatings: comparisons between measurements and radiative

transfer calculations. Appl Opt 2001;40:85–94.
Vargas WE, Niklasson GA. Light-scattering from particles. In: Encyclopedia of surface and colloid science. NewYork: Marcel

Dekker; 2002. p. 3044–56.
Vargas W, Cruz L, Fonseca LF, Gómez M.T -matrix approach for calculating local fields around clusters of rotated spheroids.

Appl Opt 1993;32:2164–70.
Veihelmann B,Volten H, van der ZandeWJ. Light reflected by an atmosphere containing irregular mineral dust aerosol. Geophys

Res Lett 2004;31:L04113.
Videen G. Light scattering from a sphere on or near a surface. J Opt Soc AmA 1991;8:483–9 (Errata: 1992;9:844–5).
Videen G. Light scattering from a sphere behind a surface. J Opt Soc AmA 1993;10:110–7.
Videen G. Light scattering from a particle on or near a perfectly conducting surface. Opt Commun 1995;115:1–7.
Videen G. Light scattering from an irregular particle behind a plane interface. Opt Commun 1996;128:81–90.
Videen G. Polarized light scattering from surface contaminants. Opt Commun 1997;143:173–8.
Videen G. Light scattering from a sphere near a plane interface. In: Moreno F, González F., editors. Light scattering from

microstructures. Berlin: Springer; 2000. p. 81–96.
Videen G, Bickel WS. An experimental determination of the natural base of logarithms. J Irreproduc Results 1991;36 (2):20–2.
Videen G, Chýlek P. Scattering by a composite sphere with an absorbing inclusion and effective medium approximations. Opt

Commun 1998;158:1–6.
Videen G, Ngo D. Light scattering from a cylinder near a plane interface: theory and comparison with experimental data. J Opt

Soc AmA 1997;14:70–8.
Videen G, Ngo D. Light scattering multipole solution for a cell. J Biomed Opt 1998;3:212–20.
Videen G, Wolfe WL, Bickel WS. The light-scattering Mueller matrix for a surface contaminated by a single particle in the

Rayleigh limit. Opt Eng 1992;31:341–9.
Videen G, Turner MG, Iafelice VJ. et al. Scattering from a small sphere near a surface. J Opt Soc AmA 1993;10:118–26.
Videen G, Ngo D, Chýlek P. Effective-medium predictions of absorption by graphitic carbon in water droplets. Opt Lett

1994;19:1675–7.
Videen G, Ngo D, Chýlek P, Pinnick RG. Light scattering from a sphere with an irregular inclusion. J Opt Soc AmA 1995;12:

922–8.
Videen G, Ngo D, Hart MB. Light scattering from a pair of conducting osculating spheres. Opt Commun 1996;125:275–87.
Videen G, Pellegrino P, Ngo D. et al. Light scattering intensity fluctuations in microdroplets containing inclusions. Appl Opt

1997a;36:6115–7.
Videen G, Pellegrino P, Ngo D. et al. Qualitative light scattering angular correlation of conglomerate particles. Appl Opt

1997b;36:3532–7.
Videen G, Pinnick RG, Ngo D. et al. Asymmetry parameter and aggregate particles. Appl Opt 1998;37:1104–9.



404 M.I. Mishchenko et al. / Journal of Quantitative Spectroscopy & Radiative Transfer 88 (2004) 357–406

Videen G, Sun W, Fu Q. et al. Light scattering from deformed droplets and droplets with inclusions: II. Theoretical treatment.
Appl Opt 2000;39:5031–9.

Videen G, Prabhu DR, Davies M. Light scattering fluctuations of a soft spherical particle containing an inclusion. Appl Opt
2001;40:4054–7.

Videen G, Aslan MM, Mengüç MP. Characterization of metallic nano-particles via surface wave scattering: A. Theoreti-
cal framework and formulation. JQSRT 2005;93:195−206.

Vivekanandan J, Adams WM, Bringi VN. Rigorous approach to polarimetric radar modeling of hydrometeor orientation
distributions. J Appl Meteorol 1991;30:1053–63.

Voigt C, Larsen N, Deshler T. et al. In situ mountain-wave polar stratospheric cloud measurements: implications for nitric acid
trihydrate formation. J Geophys Res 2003;108:8331.

Volten H, Jalava J-P, Lumme K. et al. Laboratory measurements andT -matrix calculations of the scattering matrix of rutile
particles in water. Appl Opt 1999;38:5232–40.

Voshchinnikov NV, Il’in VB, Henning Th. et al. Extinction and polarization of radiation by absorbing spheroids: shape/size
effects and benchmark results. JQSRT 2000;65:877–93.

Wall DJN. Methods of overcoming numerical instabilities associated with theT -matrix method. In: Varadan VK, Varadan VV.,
editors. Acoustic, electromagnetic and elastic wave scattering—focus on theT -matrix approach. NewYork: Pergamon Press;
1980. p. 269–86.

Wang D-S, Barber PW. Scattering by inhomogeneous nonspherical objects. Appl Opt 1979;18:1190–7.
Wang YM, Chew WC. A recursiveT -matrix approach for the solution of electromagnetic scattering by many spheres. IEEE

Trans Antennas Propag 1993;41:1633–9.
Wang D-S, Chen HCH, Barber PW, Wyatt PJ. Light scattering by polydisperse suspensions of inhomogeneous nonspherical

particles. Appl Opt 1979;18:2672–8.
Wang D-S, Kerker M, Chew HW. Raman and fluorescent scattering by molecules embedded in dielectric spheroids. Appl Opt

1980;19:2315–28.
Wang ZL, Hu L, Lin WG. A modifiedT -matrix formulation for multiple scattering of electromagnetic waves. J Phys D: Appl

Phys 1994;27:447–51.
Wang J, Liu X, Christopher SA. et al. The effects of non-sphericity on geostationary satellite retrievals of dust aerosols. Geophys

Res Lett 2003;30:2293.
Wannemacher R, Pack A, Quinten M. Resonant absorption and scattering in evanescent fields. Appl Phys B 1999;68:225–32.
Warner C. Effects of shape and orientation of spheroidal raindrops on microwave scattering. Electron Lett 1975;11:328–30.
Warner C, Hizal A. Scattering and depolarization of microwaves by spheroidal raindrops. Radio Sci 1976;11:921–30.
Waterman PC. Matrix formulation of electromagnetic scattering. Proc IEEE 1965;53:805–12.
Waterman PC. Scattering by dielectric obstacles. Alta Frequenza (Speciale) 1969;38:348–52.
Waterman PC. Symmetry, unitarity, and geometry in electromagnetic scattering. Phys Rev D 1971;3:825–39.
Waterman PC. Numerical solution of electromagnetic scattering problems. In: Mittra R., editor. Computer techniques for

electromagnetics. Oxford: Pergamon Press; 1973. p. 97–157.
Waterman PC. Matrix methods in potential theory and electromagnetic scattering. J Appl Phys 1979;50:4550–66.
Waterman PC. Survey ofT -matrix methods and surface field representations. In: Varadan VK, Varadan VV., editors. Acoustic,

electromagnetic and elastic wave scattering—focus on theT -matrix approach. NewYork: Pergamon Press; 1980. p. 61–78.
Waterman PC. Analytical consequences of the extended boundary condition. Wave Motion 1983;5:273–95.
Waterman PC. Surface fields and theTmatrix. J Opt Soc AmA 1999;16:2968–77.
Waterman PC, Pedersen NE. Electromagnetic scattering by periodic arrays of particles. J Appl Phys 1986;59:2609–18.
WaubenWM, de Haan JF, Hovenier JW. Influence of particle shape on the polarized radiation in planetary atmospheres. JQSRT

1993;50:237–46.
West R, Gibbs D, Tsang L, FungAK. Comparison of optical scattering experiments and the quasi-crystalline approximation for

dense media. J Opt Soc AmA 1994;11:1854–8.
Whitney BA, Wolff MJ. Scattering and absorption by aligned grains in circumstellar environments. Astrophys J 2002;574:

205–31.
Wiedner M, Prigent C, Pardo JR. et al. Modeling of passive microwave responses in convective situations using output from

mesoscale models: comparison with TRMM/TMI satellite observations. J Geophys Res 2004;109:D06214.
Wielaard DJ, Mishchenko MI, Macke A, Carlson BE. Improved T-matrix computations for large nonabsorbing and weakly

absorbing nonspherical particles and comparison with geometrical-optics approximation. Appl Opt 1997;36:4305–13.



M.I. Mishchenko et al. / Journal of Quantitative Spectroscopy & Radiative Transfer 88 (2004) 357–406405

Wind MM, Vlieger J, Bedeaux D. The polarizability of a truncated sphere on a substrate I. Physica A 1987a;141:33–57.
Wind MM, Bobbert PA, Vlieger J, Bedeaux D. The polarizability of a truncated sphere on a substrate II. Physica A 1987b;143:

164–82.
Wind MM, Bobbert PA, Vlieger J, Bedeaux D. The polarizability of truncated spheres and oblate spheroids on a substrate:

comparison with experimental results. Thin Solid Films 1988;164:57–62.
Wirth M, Tsias A, Dörnbrack A. et al. Model-guided Lagrangian observation and simulation of mountain polar stratospheric

clouds. J Geophys Res 1999;104:23971–81.
WiscombeWJ, Mugnai A. Single scattering from nonspherical Chebyshev particles: a compendium of calculations. NASA Ref.

Publ. NASA RP-1157, 1986.
WiscombeWJ, Mugnai A. Scattering from nonspherical Chebyshev particles. 2. Means of angular scattering patterns. Appl Opt

1988;27:2405–21.
Wittmann RC. Spherical wave operators and the translation formulas. IEEE Trans Antennas Propag 1988;36:1078–87.
Wolff MJ, Clancy RT. Constraints on the size of Martian aerosols fromThermal Emission Spectrometer observations. J Geophys

Res 2003;108:5097.
Wong MH, Bjoraker GL, Smith MD. et al. Identification of the 10-�m ammonia ice feature on Jupiter. Planet Space Sci

2004;52:385–95.
Wriedt T. Using theT -matrix method for light scattering computations by non-axisymmetric particles: superellipsoids and

realistically shaped particles. Part Part Syst Charact 2002;19:256–68.
Wriedt T, Comberg U. Comparison of computational scattering methods. JQSRT 1998;60:411–23.
Wriedt T, Doicu A. Comparison between various formulations of the extended boundary condition method. Opt Commun

1997;142:91–8.
Wriedt T, Doicu A. Light scattering from a particle on or near a surface. Opt Commun 1998a;152:376–84.
Wriedt T, DoicuA. Formulations of the extended boundary condition method for three-dimensional scattering using the method

of discrete sources. J Mod Opt 1998b;45:199–213.
Wriedt T, DoicuA. Scattering analysis of conducting axisymmetic particles using the extended boundary condition method with

discrete sources. J Mod Opt 1998c;45:2207–15.
Wriedt T, Doicu A.T -matrix method for light scattering from a particle on or near an infinite surface. In: Moreno F, González

F., editors. Light scattering from microstructures. Berlin: Springer; 2000. p. 113–32.
Wurm G, Schnaiter M. Coagulation as unifying element for interstellar polarization. Astrophys J 2002;567:370–5.
Xing Zh-f, Greenberg JM. Efficient method for the calculation of mean extinction. II. Analyticity of the complex extinction

efficiency of homogeneous spheroids and finite cylinders. Appl Opt 1994a;33:5783–95.
Xing Zh-f, Greenberg JM. Efficient method for the calculation of mean extinction. III. Approximation or representation of

particle-size distributions by rational functions. J Opt Soc AmA 1994b;11:657–70.
XuY-l. Electromagnetic scattering by an aggregate of spheres. Appl Opt 1995;34:4573–88.
Xu Y-l. Calculation of the addition coefficients in electromagnetic multisphere-scattering theory. J Comput Phys 1996a;127:

285–98 (Erratum: 1997;134:200).
XuY-l. Fast evaluation of the Gaunt coefficients. Math Comput 1996b;65:1601–12.
XuY-l. Electromagnetic scattering by an aggregate of spheres: far field. Appl Opt 1997a;36:9496–508.
XuY-l. Fast evaluation of Gaunt coefficients: recursive approach. J Comput Appl Math 1997b;85:53–65.
XuY-l. Electromagnetic scattering by an aggregate of spheres: asymmetry parameter. Phys Lett A 1998a;249:30–6.
Xu Y-l. Efficient evaluation of vector translation coefficients in multiparticle light-scattering theories. J Comput Phys

1998b;139:137–65.
XuY-l. Scattering Mueller matrix of an ensemble of variously shaped small particles. J Opt Soc AmA 2003a;20:2093–105.
XuY-l. Radiative scattering properties of an ensemble of variously shaped small particles. Phys Rev E 2003b;67:046620.
Xu H-X.A newmethod by extending Mie theory to calculate local field in outside/inside of aggregates of arbitrary spheres. Phys

Lett A 2003c;312:411–9.
Xu H. Calculation of the near field of aggregates of arbitrary spheres. J Opt Soc AmA 2004;21:804–9.
Xu Y-l, Gustafson B̊AS. Experimental and theoretical results of light scattering by aggregates of spheres. Appl Opt 1997;36:

8026–30.
Xu Y-l, Gustafson B̊AS. Comparison between multisphere light-scattering calculations: rigorous solution and discrete-dipole

approximation. Astrophys J 1999;513:894–909 (Erratum: 1999;522:1206).
XuY-l, Gustafson B̊AS. A generalized multiparticle Mie-solution: further experimental verification. JQSRT 2001;70:395–419.



406 M.I. Mishchenko et al. / Journal of Quantitative Spectroscopy & Radiative Transfer 88 (2004) 357–406

Xu Y-l, Khlebtsov NG. Orientation-averaged radiative properties of an arbitrary configuration of scatterers. JQSRT
2003;79/80:1121–37.

Xu Y-l, Wang RT. Electromagnetic scattering by an aggregate of spheres: theoretical and experimental study of the amplitude
scattering matrix. Phys Rev E 1998;58:3931–48.

XuY-l, Gustafson B̊AS, Giovane F. et al. Calculation of the heat-source function in photophoresis of aggregated spheres. Phys
Rev E 1999;60:2347–65.

Yang P, Mlynczak MG,Wei H. et al. Spectral signature of ice clouds in the far-infrared region: single-scattering calculations and
radiative sensitivity study. J Geophys Res 2003;108:4569.

Yeh C, Woo R, Armstrong JW, Ishimaru A. Scattering by Pruppacher-Pitter raindrops at 30 GHz. Radio Sci 1982a;17:757–65.
Yeh C, Colak S, Barber P. Scattering of sharply focused beams by arbitrarily shaped dielectric particles: an exact solution. Appl

Opt 1982b;21:4426–33.
Yilmaz S, Mamedov AM, Sahan H, Gunel G. Mie scattering in ferroelectrics with diffuse phase transitions. Ferroelectrics

2003;291:177–86.
Zakharova NT, Mishchenko MI. Scattering properties of needlelike and platelike ice spheroids with moderate size parameters.

Appl Opt 2000;39:5052–7.
Zakharova NT,MishchenkoMI. Scattering by randomly oriented thin ice disks withmoderate equivalent-sphere size parameters.

JQSRT 2001;70:465–71.
Zhao J-Q, Hu Y-Q. Bridging technique for calculating the extinction efficiency of arbitrary shaped particles. Appl Opt

2003;42:4937–45.
Zhao L, Kelly KL, Schatz GC. The extinction spectra of silver nanoparticle arrays: influence of array structure on plasmon

resonance wavelength and width. J Phys Chem B 2003;107:7343–50.
ZhengW. The null field approach to electromagnetic scattering from composite objects: the case with three or more constituents.

IEEE Trans Antennas Propag 1988;36:1396–400.
Zheng W. Computation of complex resonance frequencies of isolated composite objects. IEEE Trans Microwave Theory Tech

1989;37:953–61.
Zheng W, Ström S. The null field approach to electromagnetic scattering from composite objects: the case of concavo-convex

constituents. IEEE Trans Antennas Propag 1989;37:373–83.
Zheng W, Ström S. The null-field approach to electromagnetic resonance of composite objects. Comput Phys Commun

1991;68:157–74.
Zhong Z, Patskovskyy S, Bouvrette P. et al. The surface chemistry of Au colloids and their interactions with functional amino

acids. J Phys Chem B 2004;108:4046–52.
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